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ABSTRACT 


Dynamic  tear  specimens  of  welds  from  two  previous  DREA  investigations  were  tested. 
The  25  mm  thick  specimens  included  two  gas  metal  arc  welds  (Fronius-TIME)  each  made 
in  HY80  and  HY100  steels.  A  weld  produced  by  laser  assisted  gas  metal  arc  welding 
(LAGMAW)  in  HY80  steel  was  also  tested  with  specimens  notched  in  the  weld  metal  and 
in  the  heat  affected  zone  HAZ). 

The  HY80  Fronius-TIME  3G  weld  outperformed  the  HY80  Fronius-TIME  1G/4G  weld  in 
the  dynamic  tear  tests  with  the  LAGMAW  weld  giving  the  poorest  performance  of  the 
HY80  welds  tested.  For  the  HY100  the  Froniuss-TIME  1G/4G  weld  gave  higher  dynamic 
tear  energies  than  the  Fronius-TIME  3G  weld.  The  LAGMAW  HAZ  specimens  gave  some 
of  the  highest  dynamic  tear  energies  for  each  test  temperature  which  is  possibly  due  to  the 
fracture  path  including  a  combination  of  HAZ,  weld  metal,  and  parent  metal.  All  welds 
tested  met  the  requirement  of  690  J  at  -29  °C  except  for  the  LAGMAW  weld  which  gave  a 
dynamic  tear  energy  of  512  J  at  -5  °C. 


RESUME 


Des  Eprouvettes  de  dechirement  dynamique  de  soudures  provenant  de  deux  etudes 
prEcEdentes  du  CRDA  ont  ete  testees.  Les  Eprouvettes  de  25  mm  d'epaisseur  comprenaient 
chacune  deux  soudures  produites  par  le  precede  a  l'arc  sous  protection  gazeuse  avec  fil 
electrode  fusible  (Fronius-TIME),  chacune  Etant  realisee  dans  des  aciers  HY80  et  HY100. 
Une  soudure  rEalisEe  par  le  procEdE  de  soudage  k  l'arc  sous  protection  gazeuse  avec  fil 
Electrode  fusible  assistE  par  laser  (LAGMAW)  dans  de  l'acier  HY80  a  aussi  EtE  testEe  sur 
des  Eprouvettes  entaillEes  dans  le  metal  foundu  et  dans  la  zone  de  transformation. 

La  soudure  Frontius-TIME  3G  realisEe  dans  l'acier  HY80  a  surclasse  la  soudure  Fronius- 
TIME  1G/4G  rEalisEe  dans  l'acier  HY80  au  cours  des  essais  de  dEchirement  dynamique,  et 
la  soudure  rEalisEe  par  le  procEdE  LAGMAW  a  donnE  les  moins  bons  rEsultats  de  tous  les 
aciers  HY80  testEs.  Dans  le  cas  de  l'acier  HY100,  la  soudure  Fronius-TIME  1G/4G  a 
donnE  des  Energies  de  dEchirement  dynamique  plus  ElevEes  que  la  soudure  Fronius-TIME 
3G.  Les  Eprouvettes  de  zones  de  transformation  de  soudures  rEalisEes  par  le  procEdE 
LAGMAW  ont  donnE  certaines  des  Energies  de  dEchirement  dynamique  les  plus  ElevEes 
pour  chaque  tempErature  d'essai,  ce  qui  est  probablement  dfl  au  trajet  de  rupture  s'Etendant 
sur  la  zone  de  transformation,  le  mEtal  fondu  et  le  mEtal  de  base.  Toutes  les  soudures 
testEes  respectaient  l'exigence  de  690  J  a  -29  °C,  sauf  la  soudure  rEalisEe  par  le  procEde 
LAGMAW,  qui  a  donne  une  Energie  de  dEchirement  dynamique  de  512  J  a  -15  °C. 
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1.1 


1.  INTRODUCTION 


The  Metallic  Materials  group  of  DREA  has  sponsored  investigations  into  the  development  of 
all  position  gas  metal  arc  welding  (GMAW)  of  submarine  steels  [1,2,3]-  To  this  end,  they  have 
conducted  dynamic  tear  and  explosion  bulge  tests  to  evaluate  welds  deposited  in  HY80  and  HY100 
steels.  DREA  has  also  been  investigating  the  use  of  laser  assisted  gas  metal  arc  welding  (LAGMAW) 
for  welding  submarine  steels  [3].  This  report  gives  the  results  of  a  contract  to  perform  dynamic  tear 
tests  on  submarine  steel  welds  deposited  using  a  Fronius-TIME  welding  system  and  a  LAGMAW 
system. 
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2.1 


2.  THEORY 


The  dynamic  tear  test  measures  the  amount  of  energy  to  fracture  a  single  edge  notched  beam 
loaded  dynamically  in  three  point  bending.  The  DT  energy  is  the  total  energy  required  to  fracture 
dynamic  tear  specimens  and  is  a  measure  of  resistance  to  rapid  progressive  fracturing.  DT  energy  is 
determined  from  the  area  under  a  load-displacement  curve.  The  load-displacement  data  is  obtained  by 
analyzing  the  load-time  trace  collected  during  a  dynamic  tear  test  using  a  velocity-energy  balance 
relationship  of  the  form 

ImV,2.,  =  ImV2  -  Es  +  Ep  M 


where 

V;  and  Vi+1  are  the  velocities  at  time  i  and  i+1 
Es  is  the  energy  lost  to  the  specimen 

and 

Ep  is  energy  gained  from  the  crosshead  falling  during  the  time  i  to  i+ 1. 

Es  is  estimated  from  the  area  under  the  load-time  curve  between  times  i  and  i+1  multiplied  by  the 
average  velocity  during  this  time  period.  A  detailed  description  of  the  impact  testing  system  is  given 
in  [4]. 


The  shear  index  describes  the  fracture  morphology  by  indicating  the  extent  of  shear  lip 
formation  at  the  sides  of  a  fracture  surface,  as  sketched  in  Figure  2.1.  A  flat  fracture  surface  without 
shear  lips,  typical  of  a  brittle  fracture,  has  a  shear  index  of  0.  A  ductile  fracture  surface  where  the 
shear  lips  touch  has  a  shear  index  of  1.  The  shear  index,  Sl7  can  be  determined  by  measuring  the 
distance  between  the  shear  lips  on  a  fracture  surface  and  using 

ST  =  —  (2-2) 

1  B 


where 

d  =  the  distance  between  the  shear  lips 
and 

B  =  specimen  thickness 
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Shear  index  =  0  Shear  Index  =  0.2  Shear  index  =  1 

(BRITTLE)  (TRANSITION)  (DUCTILE) 


FIGURE  2.1:  Typical  Fracture  Surfaces  for  Dynamic  Tear  Specimens 
The  shortest  distance  between  the  shear  lips,  d,  is  used 
to  calculate  the  shear  index. 
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3.1 


3.  EXPERIMENTAL  METHODS  AND  MATERIALS 


The  welds  were  deposited  in  25  mm  thick  HY80  and  HY100  plates.  The  chemical  composition 
and  mechanical  properties  of  these  steels  are  given  in  Tables  3.1  and  3.2,  respectively.  The  Fronius- 
TIME  welds  in  the  HY80  steel  were  made  using  Lincoln  LA100  wire  and  the  HY100  welds  were  made 
using  L-Tec  120  wire  [2].  The  LAGMAW  welds  in  the  HY80  steel  also  used  LA100  wire.  The 
chemical  composition  of  these  wires  are  also  given  in  Table  3.1. 

The  HY80  welds  consisted  of  3G  (vertical  down)  Fronius  TIME  welds,  1G/4G  (flat/overhead) 
Fronius-TIME  welds,  and  LAGMAW  welds.  The  HY100  welds  consisted  of  Fronius-TIME  welds 
made  in  the  3G  (vertical  down)  and  in  the  1G/4G  (flat/overhead)  positions.  The  Fronius-TIME  welds 
were  prepared  by  Weld  Process  International  Limited  [1]  and  the  LAGMAW  welds  were  prepared  by 
The  Laser  Institute  [3].  Summaries  of  the  welding  procedures  are  given  in  Table  3.3.  Complete 
details  of  the  Froninus-Time  welding  and  LAGMAW  welding  procedures  can  be  found  in  other  reports 
[2,  3], 


A  sketch  of  the  submarine  weld  specimens  are  shown  in  Figure  3.1.  The  notches  in  the 
Fronius-TIME  specimens  where  located  along  the  weld  metal  centerline.  The  LAGMAW  weld 
specimens  were  notched  at  the  weld  metal  centerline  or  in  the  heat  affected  zone  (HAZ)  of  the  weld. 
The  machined  notches  were  sharpened  by  pressing  a  tool  steel  blade  0.25  mm  into  the  notch  as  outlined 
in  ASTM  standard  E604  [5]. 

The  specimens  were  tested  in  accordance  with  ASTM  standard  E604  [5].  The  setup  for  the 
dynamic  tear  test  is  shown  in  Figure  3.2.  The  specimens  were  cooled  for  a  minimum  of  15  minutes 
at  the  desired  temperature  in  a  methanol  bath  and  then  placed  on  the  anvil  of  the  drop  tower.  The 
specimens  were  impacted  by  releasing  the  275  kg  crosshead  from  a  preset  height  of  1 .52  m  above  the 
specimen.  The  specimens  were  impacted  within  10  seconds  from  the  time  they  were  removed  from 
the  bath  to  ensure  that  specimen  temperature  change  was  minimal.  For  each  test,  a  force-time  record 
was  recorded  using  a  Nicolet  204A  digital  oscilloscope  to  capture  the  signal  from  the  Dynatup  ETI  600 
signal  conditioner  connected  to  the  instrumented  tup.  The  load-time  data  was  transferred  to  a  Tektronic 
4054  computer  which  converted  the  data  to  load-displacement  using  a  velocity-energy  balance 
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3.2 

relationship.  The  dynamic  tear  energy  was  calculated  by  numerically  integrating  the  area  under  the 
load-displacement  curve.  The  shear  index  was  calculated  based  on  the  shortest  distance  between  the 
shear  lips  on  the  fracture  surfaces,  as  measured  using  vernier  callipers. 
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1  Compositions  (wt%)  of  Steel  Plates  and  Electrode  Wires  (from  [1]) 
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*  HY80  plate  used  for  LAGMAW  welds  had  a  slightly  different  chemical  composition  with  2.42%  Ni,  1.49%  Cr,  and  0.41%  Mo. 
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TABLE  3.2:  Mechanical  Properties  of  Steel  Plates  (from  [1]) 

Property 

HY80* 

HY100 

Yield  Strength  (MPa) 

638 

724 

UTS  (MPa) 

741 

805 

Hardness  (BHN) 

229 

245 

determined  from  plate  used  for  Fronius-TIME  weldments. 
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<] -  181  mm - o 


FIGURE  3.1:  Sketch  of  the  Dynamic  Tear  Weld  Specimens 

a)  Notched  at  the  weld  metal  centerline,  and 

b)  Notched  in  the  heat  affected  zone  (HAZ) 
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FIGURE  3.2:  Dynamic  Tear  Test  Setup 
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4.1 


4.  RESULTS  AND  DISCUSSION 

Table  4.1  gives  the  dynamic  tear  test  results  for  the  welds.  The  load-displacement  curves  for 
each  specimen  can  be  found  in  Appendix  A.  Figure  4.1  shows  the  transition  curves  for  each  weld. 

The  LAGMAW  weld  metal  specimens  gave  the  poorest  performance  of  the  HY80  welds.  The 
dynamic  tear  energy  (DTE)  ranged  between  512  to  1256  J  between  -45°C  and  0°C  with  an  increase 
to  1958  J  at  15°C.  The  transition  curve  for  the  LAGMAW  weld  metal  is  unusual  with  the  lowest  DTE 
of  512  J  at  -15°C  and  DTE’s  of  660  J  and  1256  J  at  -45  and  -30°C,  respectively.  The  erratic 
behaviour  of  these  specimens  was  due  to  weld  defects  and  to  differences  in  the  fracture  paths.  The 
fracture  path  of  the  LAGMAW  specimen  tested  at  -30°C  contained  approximately  30%  weld  metal 
whereas  the  fracture  path  for  the  specimens  tested  at  -45,  -15,  and  0°C  included  approximately  90% 
weld  metal  and  10%  HAZ.  The  fracture  path  of  the  LAGMAW  specimen  tested  at  15 °C  contained 
20%  weld  metal,  10%  HAZ  and  70%  parent  material.  Note  that  the  estimation  of  the  fracture  path 
is  only  approximate  due  to  the  difficulties  in  defining  the  material  (i.e.  weld  metal,  HAZ  and  parent) 
along  the  fracture  path  in  the  centre  of  the  specimen  which  can  be  complicated  by  the  presence  of  large 
shear  lips.  The  LAGMAW  weld  was  the  only  weld  to  exhibit  a  DTE  of  less  than  690  J  above  -30°C 
and  therefore  does  not  meet  the  specification  of  690  J  at  -29 °C  (even  though  the  DTE’s  at  -45 °C  and  - 
30°C  were  660  J  and  1256  J,  respectively). 

The  LAGMAW  HAZ  specimens  gave  some  of  the  highest  DTEs  for  the  HY80  welds.  The 
transition  curve  shows  the  DTE  decreasing  from  1999  J  at  -45°C  to  1547  J  at  -15°C  before  increasing 
to  1956  J  and  2883  J  at  0°C  and  15°C,  respectively.  It  is  difficult  to  draw  conclusions  from  these 
specimens  as  the  fracture  path  included  a  combination  of  HAZ,  weld  metal,  and  parent  material. 
Examination  of  the  fractured  specimens  show  that  the  fracture  paths  included  between  10%  and  30% 
HAZ.  It  can  be  said  that  fracture  initiated  in  the  LAGMAW  HAZ,  with  this  loading  geometry, 
requires  substantially  more  energy  than  fracture  initiated  along  the  LAGMAW  weld  centerline.  (A 
similar  increase  in  HAZ  DTE  from  weld  metal  DTE  was  also  reported  by  Malik  [1]  for  various 
Fronius  welds  and  a  conventional  TIME  weld  in  HY80  steel.) 
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4.2 

The  transition  curve  for  the  HY80  Fronius-TIME  3G  weld  is  shown  in  Figure  4. 1 .  The  curve 
shows  a  low  of  1302  J  at  -30°C  with  a  relatively  sharp  increase  to  the  upper  shelf  with  DTEs  of  2269 
J  and  2214  J  at  0  C  and  15 °C,  respectively.  The  only  irregular  point  on  this  curve  is  the  1773  J  at 
-45°C  which  was  greater  than  the  1302  J  recorded  at  -30°C.  The  HY80  Fronius-TIME  3G  weld  gives 
higher  DTEs  than  the  HY80  Fronius-TIME  1G/4G  weld  over  the  test  temperature  range  except  at  15°C 
where  the  DTEs  are  comparable.  The  HY80  Fronius-TIME  1G/4G  weld  DTEs  show  a  relatively 
gradual  increase  from  757  J  at  -45°C  to  1506  J  at  0°C  and  then  there  is  a  jump  to  2502  J  at  15°C. 

The  transition  curves  for  the  two  HY100  welds  are  also  shown  in  Figure  4.1.  The  slopes  of 
these  curves  are  low  compared  to  the  those  of  the  HY80  welds,  which  is  typical  of  high  strength  steels. 
The  DTE  of  the  HY100  Fronius-TIME  1G/4G  weld  increases  almost  linearly  from  651  J  at  -45 °C  to 
845  J  at  -15°C.  The  upper  shelf  is  defined  by  the  1053  J  and  1081  J  DTEs  at  0°C  and  15°C, 
respectively.  Only  two  HY100  Fronius-TIME  3G  weld  specimens  were  tested  with  both  giving  lower 
DTEs  than  the  HY100  1G/4G  welds.  The  3G  welds  gave  DTEs  of  691  J  at  -30°C  and  837  J  at  0°C 
compared  to  778  J  and  1053  J  for  the  1G/4G  welds. 


Figure  4.2  plots  shear  index  against  temperature  for  all  of  the  specimens  tested.  The  shear 
index  values  for  the  LAGMAW  specimens  are  lower  than  those  of  the  other  welds.  The  LAGMAW 
specimens  show  erratic  shear  index  values  which  is  consistent  with  the  DTE  curves.  The  HY80  welds 
show  a  general  increase  in  shear  index  with  temperature.  The  1G/4G  HY100  weld  gives  relatively 
uniform  shear  under  values  over  the  temperature  range,  while  the  3G  HY100  weld  shows  a  decrease 
in  shear  index  from  -30  to  0°C. 
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TABLE  4.1:  Dynamic  Tear  Test  Results  for  Fronius-TIME  and  Laser  Welds 


Specimen 

Plate 

Weld 

1 

bh 

ESS 

■nzsni 

DTE 

(J) 

Shear 

Index 

C2-5 

HY80 

3G  FRONIUS  TIME 

5.47 

-45 

1773 

0.481 

C2-3 

HY80 

3G  FRONIUS  TIME 

5.47 

-30 

1302 

0.559 

C2-4 

HY80 

3G  FRONIUS  TIME 

5.47 

-15 

1676 

0.573 

C2-2 

HY80 

3G  FRONIUS  TIME 

5.47 

0 

2269 

0.615 

C2-1 

HY80 

3G  FRONIUS  TIME 

5.47 

15 

2214 

0.651 

CC3-2 

HY100 

3G  FRONIUS  TIME 

5.47 

-30 

691 

0.553 

CC3-1 

HY100 

3G  FRONIUS  TIME 

5.47 

0 

837 

0.470 

D4-5 

HY80 

1G/4G  FRONIUS  TIME 

5.47 

-45 

757 

0.464 

D4-3 

HY80 

1G/4G  FRONIUS  TIME 

5.47 

-30 

1247 

0.542 

D4-4 

HY80 

1G/4G  FRONIUS  TIME 

5.47 

-15 

1434 

0.534 

D4-2 

HY80 

1G/4G  FRONIUS  TIME 

5.47 

0 

1506 

0.570 

D4-1 

HY80 

1G/4G  FRONIUS  TIME 

5.47 

15 

2502 

0.772 

DD4-5 

HY100 

1G/4G  FRONIUS  TIME 

5.47 

-45 

651 

0.472 

DD4-3 

HY100 

1G/4G  FRONIUS  TIME 

5.47 

-30 

778 

0.524 

DD4-4 

HY100 

1G/4G  FRONIUS  TIME 

5.47 

-15 

845 

0.516 

DD4-2 

HY100 

1G/4G  FRONIUS  TIME 

5.47 

0 

1053 

0.517 

DD4-1 

HY100 

1G/4G  FRONIUS  TIME 

5.47 

15 

1081 

0.509 

LASER3 

HY80 

LASER  WELD  METAL 

5.47 

-45 

660 

0.198 

LASER1 

HY80 

LASER  WELD  METAL 

5.47 

-30 

1256 

0.396 

LASER5 

HY80 

LASER  WELD  METAL 

5.47 

-15 

512 

0.224 

LASER7 

HY80 

LASER  WELD  METAL 

5.47 

0 

963 

0.374 

LASER9 

HY80 

LASER  WELD  METAL 

5.47 

15 

1958 

0.441 

LASER4 

HY80 

LASER  HAZ 

5.47 

-45 

1999 

0.439 

LASER2 

HY80 

LASER  HAZ 

5.47 

-30 

1800 

0.432 

LASER6 

HY80 

LASER  HAZ 

5.47 

-15 

1547 

0.364 

LASER8 

HY80 

LASER  HAZ 

5.47 

0 

1956 

0.478 

LASER10 

HY80 

LASER  HAZ 

5.47 

15 

2883 

0.509 

Dynamic  Tear  Energy  (J) 
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Dynamic  Tear  Energy  vs  Test  Temperature 


HY80  1 G/4G  FT 

— i — 

HY100  1G/4G  FT 
LASER  WM 

— g. — 

LASER  HAZ 

-x— 

HY80  3G  FT 
— — 

HY100  3G  FT 


FIGURE  4.1:  Transition  Curves  for  Welds  Deposited  in  HY80  and  HY100  Steel 


Shear  Index 
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Shear  Index  vs  Test  Temperature 


Test  Temperature  (degrees  C) 


HY80  1 G/4G  FT 

— i — 

HY100  1G/4G  FT 

'■■■  vfcc-'" 

LASER  WM 
—a— 

LASER  HAZ 


HY80  3G  FT 
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5.1 

5.  CONCLUSIONS 

All  welds  tested  met  the  requirement  of  690  J  at  -29  °C  except  for  the  LAGMAW  weld  which 
gave  a  dynamic  tear  energy  of  512  J  at  -15 °C. 

The  HY80  Fronius-TIME  3G  weld  outperformed  the  HY80  Fronius-TIME  1G/4G  weld  at  test 
temperatures  ranging  from  -45°C  to  0°C.  For  the  HY100  welds  the  reverse  was  found  with  the 
Fronius-TIME  1G/4G  weld  giving  higher  dynamic  tear  energies  than  the  Fronius-TIME  3G  weld.  The 
LAGMAW  weld  gave  the  poorest  performance  of  the  HY80  welds. 

The  LAGMAW  HAZ  specimens  gave  some  of  the  highest  dynamic  tear  energies  for  each  test 
temperature  which  is  possibly  due  to  the  fracture  path  including  a  combination  of  HAZ,  weld  metal, 
and  parent  metal. 
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APPENDIX  A: 


LOAD-DISPLACEMENT  CURVES 
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LOAD/LPD  PLOT  FCR=  C2-I  HY88  36FRGNIUS  WE  ISC  18/1/3 

DYNAMIC  TEAR  ENERGY  2213.9  joules 

1633  ft  lbs 


Shear  Index 


8.651 


Inpact  Velocity  *  5.47  a/s 

17.9  ft/sec 
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LQAD/LPD  PLOT  FOR:  C2-2  HY88  36FRGNIUS  TIME  2C  15/8/6 

DYNAMIC  TEAR  ENERGY  2269.4  joules 

1674  fllbs 

Shear  Index  8.615 

jjpaci  Velocity  =  5.47  «/s 

17.9  ft/sec 
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LOAD/LPO  PLOT  FOR:  C2-4  HY88  36FR0NHJS  HME  -ISC  15/7/7 

DYNAMIC  TEAR  ENERGY  1676.3  joules 

1237  Mbs 

Shear  Index  8.573 

I*pact  Velocity  =  5.47  m/s 

17.9  ft/sec 


250. 
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LQADAPO  PLOT  FOR:  C2-5  HY80  36FR0NIUS  TIME  -45C  15/7/1 

DYNAMIC  TEAR  ENER6Y  1 172.9  joules 

m  mbs 

Sheer  Index  9.481 

Iapoct  Velocity  3  5.47  i/s 

17.9  ft/sec 
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LQAD/LPD  PLOT  FOR:  CC3-I  HY180  36FR0NIUS  TIKE  9C  15/8/5 

DYNAMIC  TEAR  QffRSY  837.2  joules 

618  nibs 

Shear  Index  0.47 

Iapact  Velocity  3  5.47  m/s 

17.3  ft/sec 


0  0.02  0.04  9.06  0.08 

DISPLACEMENT  (Metres) 
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LOAD/LPD  PLOT  FOR:  CC3-2HY!803GFRONIU$  TIHE-38CTI5/6/2 

DYNAMIC  TEAR  ENERGY  690.8  joules 

518  nibs 

Shear  Index  0.552 

Impact  Velocity  **  5.47  «/s 

17.9  fl/sec 
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LOAD/LPO  PLOT  FOR:  D4-!  HY88  1646FRGNHJS  TIME  15C  16/1/4 

DYNAMIC  TEAR  EJCSSY  2582.3  joules 

1846  ft  lbs 

Shear  Index  0.772 

jjpact  Velocity  **  5.47  a/s 

17.9  fl/sec 


258. 


288L 


A 

z 

1 

v  150: 

hi 
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LQAD/LPD  PLOT  FOR:  D4-2  HY80  IS46FR0NIUS  HHE  8C  1  5/8/7 

DYNAMIC  TEAR  Ef©GY  1506.3  joules 

1111  fllbs 

Shear  Index  0.57 

Iapact  Velocity  s  5.47  «/s 

17.5  ft/sec 
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LQAD/LPD  PLOT  FOR:  D4-3  HY80  1646  FRONIUS  TIME  -38C  16/6/6 

DYNAMIC  TEAR  ENERGY  1246.6  joules 

m  fill* 

Shear  Index  0.542 

jjpacl  Velocity  =  5.47  i/s 

17.9  ft/sec 

258 

296. 


z 
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LQADAPD  PLOT  FCR:  D4-4  HY80  1G4GFRGNIUS  TUC  -ISC  15/8/i 

DYNAMIC  TEAR  ENERGY  1434.3  joules 

1058  fllbs 

Shear  Index  0.534 

Impact  Yelocfty  *  5.47  a/s 

17.9  ft/sec 
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LGAD/LP9  PLOT  FOR:  DD4-!  HY188  I64MMUS  TD€  15C  16/1/5 

DYNAMIC  TEAR  ENERGY  1881 .3  joules 

798  filbs 

Shear  Index  8.518 

Iapaci  Velocity  **  5.47  */s 

17.9  fl/sec 
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LOAD/LPO  PLOT  FOR:  DD4-3  HY188  1646FWMUS  TIME  -38C  15/6/7 

DYNAMIC  TEAR  ENERGY  777.8  joules 

574  fllbs 

Shear  Index  8.524 

Iipact  Velocity  3  5.47  i/s 

17.9  ft/sec 
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LOAD/LPD  PLOT  FOR:  DD4—4  HY188  IS4GFRQNIUS  TIME  -ISC  15/8/2 

DYNAMIC  TEAR  ENERGY  844.7  joules 

623  filbs 

Shear  Index  8.516 

,,.3 

Iepact  Velocity  3  5.47  i/s 

17.8  fl/sec 


8 


8 


3.84 

DISPLACEMENT  (.etres) 


8.86 
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LOADAPO  PUTT  FOR:  DD4-5  HY188  1646FR0NIUS  TIME  -45CI 15/7/5 

DYNAMIC  TEAR  ENERGY  650.8  joules 

488  ftlbs 

Shear  Index  8.472 

Iepact  Velocity  3  5.47  i/s 

17.8  ft/sec 
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LOAD/LPD  PLOT  FOR:  USER!  HY880VM  -38C15/6/5 

DYNAMIC  TEAR  ENERGY  1256.4  joules 

927  filbs 

Shear  Index  0.396 

Iepaci  Velocity  *  5.47  «/s 

17.9  ft/sec 
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LOAD/LPO  PLOT  FCR:  IASER2  HY88  HAZ  -30C  15/6/4 

DYNAMIC  TEAR  EJ©6Y  1880.4  joules 

1329  ft  lbs 

Shear  Index  8.432 

Iipoci  Velocity  *  5.47  */s 

17.9  ft/sec 
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LQAD/LPD  PLOT  FOR:  LASER3  HY88  UM  -45C  15/6/8 

DYNAMIC  TEAR  ENERGY  660. 1  joules 

487  flibs 

Shear  Index  8.198 

Ijpact  Velocity  3  5.47  i/s 

17.9  ft/sec 
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LQADAPO  PLOT  FOR:  LASER4  HY80  HAZ  -45C  15/7/2 

DYNAMIC  TEAR  ENERGY  1998.6  joules 

1474  ftlbs 

Shear  Index  0.439 

jjpacl  Velocity  3  5.47  m/s 

17.9  ft/sec 


DISPLACEHENT  Cietres) 
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LOAD/LPO  PLOT  FOR:  LASERS  HY80  VH  -JSC  15/7/6 


DYNAMIC  TEAR  ENERGY 
Sheer  Index 

Iapact  Velocity  3  5.47  a/s 

17.9  fl/sec 


511.8  joules 
378  ft  lbs 
9.224 


A 

z 

1 

V  150 

u 

□ 

AC 

£  i 


8.82  8.84  8. 

DISPLACEMENT  Caetres) 
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LOADAPD  PLOT  R3R:  LASERS  HY88  HAZ  -ISC  15/7/8 

DYNAMIC  TEAR  BSSffi  1547.3  joules 

1142  ft  lbs 

Shear  Index  8.364 

Iipacl  Velocity  *5.47  a/s 

17.9  ft/sec 
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LOAD/LPD  PLOT  FOR:  LASER7  HY88  WH  8C  15/8/3 

DYNAMIC  TEAR  ENERGY  962.7  joules 

711  ftlbs 

Sheer  Index  0.374 

Iipact  Velocity  3  5.47  m/s 

17.9  ft/sec 


DISPLACEMENT  (eetres) 
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imm  purr  for:  lasers  hyss  haz  ac  is/s/4 

DYNAMIC  TEAR  ENERGY  1956  joules 

1443  filbs 

Shear  Index  0.478 

Ispact  Velocity  =  5.47  m/s 

17.9  ft/sec 
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LOAD/LPD  PLOT  FOR;  LASERI8  HY80  HC  ISC  16/1/2 

DYNAMIC  TEAR  ENERGY 

2883.1  joules 

2127  ftlbs 

Shear  Index 

8.589 

Iapact  Velocity  a  5.47  */s 

17.9  ft/sec 

8.94 

DISPLACEMENT  CmIt es) 
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